METHODS
Five male beagle dogs weighing 9-12 kg were anesthetized by the intravenous injection of sodium pentobarbita1, 30 "g/kg.
The trachea was cannulated immediately after induction of anesthesia and the vagi were isolated and sectioned.
A laminectomy exposing CT-T1 segments of the spinal cord was performed.
The cord and dura were crushed with a ligature just above the Cs nerve roots and a transverse incision was made in the dura just caudal to the ligature. The cord was transected and two polyethylene catheters were inserted caudally into the subarachnoid space for a distance of about 2.5 cm. The catheters were secured with a second ligature just below the C8 nerve roots.
Electrical activity in sympathetic fibers was recorded in the upper lumbar region. The paraspinous muscles and the L1-Lz transverse processes on the left side were removed to expose the ventral primary divisions and white rami communicantes.
The white ramus was typically the first major branch visible and its identity was confirmed by tracing it to the sympathetic chain, at which point it was cut. The central ends were microdissected to obtain multifiber strands in which the activity of from one to four individual units could be followed with certainty. A record of spike activity was stored on magnetic tape and an analysis of uni t discharge wasmade with a WRAIR window discriminator and a small digital computer with histogram printout. When one or a few active neurons were found in a fiber bundle, the exposed nervous tissue was covered with mineral oil warmed to 37 C* After recording a period of spontaneous activity, an attempt was made to induce Mayer waves in the systemic circulation by infusing warmed normal saline from a controlled air pressure reservoir into the spinal dural sac through one of the subarachnoid catheters (I 1). Pressure levels, which were continuously monitored through the second catheter, ranged from 50 to 200 mg Hg and were usually maintained as long as the Mayer waves persisted. However, if arterial pressure did not show signs of oscillation within 5 min after pressure onset, the stimulus was discontinued. A sufficient period of time was allowed between successive pressure runs for blood pressure and sympathetic activity to return to control levels. From multiunit records such as shown in Fig. 2 , a total of 18 single units were positively identified and classified according to their pattern of activity during Mayer waves. Of these, 16 units had variable firing rates in fixed-phase relationship with blood pressure waves : in 12 of these, cyclic neural activity was apparent from the onset of Mayer waves; in the remaining 4, however, fluctuating discharge did not occur until 7-8 min after the induction of third-order waves. Two units were found in which the rate of discharge did not waves never occurred spontaneously but appeared only in vary synchronously with blood pressure and these were exresponse to the pressure stimulus.
eluded from further consideration in the present study* The Figure 1 depicts the typical response of blood pressure and mean resting discharge rates of the three groups of units multiunit sympathetic discharge to a subarachnoid pressure were not significantly different and all units had increased stimulus of 100 mm Hg. Following the onset of pressure, firing rates in response to a pressure stimulus, there is a gradual increase in sympathetic discharge which Prior to induction of Mayer waves, the mean rate of disprecedes the rise in blood pressure. On reaching peak recharge of the 16 units was 1.1 spikes/set (range 0.1-5.2) and Sponse, there is a fall in neural discharge followed by a simthe average systemic arterial pressure was 86/54 mm Hg ilar decline in blood pressure prior to the onset of oscillation.
(range 80/50-98/65). D uring periods of third-order waves, Once induced, Mayer waves persisted for a variable length however, the firing pattern was found to vary in cyclic fashof time ranging from 2.5 to 20 min and could be terminated ion from an average minimum of 2.1 spikes/set (range 0.3-by removal of the pressure stimulus.
4.3) to a maximum of 9.3 spikes/set (range 1.7-16.9)* The Typical behavior of LI-L 2 sympathetic preganglionic maximum discharge preceded the peak in blood pressure by fibers during periods of third-order vasomotor waves is 7.6 set (range 3.8-12.5), The average Mayer wave was 48 shown in Fig. 2 . A Mayer wave was selected at random and mm Hg in amplitude (range 3 l-77) developing from a base four time intervals of 1.9 set each were delineated.
Films of systolic pressure of 156 mm Hg (range 115-l 77) with a pemultiunit activity during these periods show that the rate of riod of 3 I.2 set (range 20.5-40.5). Table 1 summarizes the discharge increases during the rising phase of blood pressure findings from 16 sets of records. The data shown are average but reaches a maximum and begins to fall off just prior to values based upon 4 consecutive waves selected at random the peak in the arterial wave. The discharge rate continues from each of the 16 records. to decline during the falling phase of blood pressure but beTo assess the average variation in sympathetic discharge gins to increase again just prior to the onset of the next as it relates to the average Mayer wave, the duration of each iMayer wave.
blood pressure wave considered in Table 1 and the number of spikes/set in each interval were averaged. These values are shown in Fig. 3 . The typical sympathetic fiber had a variable firing rate with fixed phase relationship relative to blood pressure waves; the maximum neural discharge preceded the peak in the arterial wave by one-eighth cycle. In all cases, the maximum response for a given unit occurred in either interval 2 or 3 with minimum activity falling into interval 5 or 6.
DISCUSSION
The ability of the thoracolumbar spinal cord in the absence of central connections to maintain some degree of vasornotor tone and to alter that tone in response to various stimuli has been well documented by Bernard (5), Sherrington (24) , and others (2, 6, 10). Of particular interest is the work of Kaya and Starling (14) and Mathison (17) which showed that hypoxia can produce a rise in arterial pressure in spinal animals. It was postulated that the pressor response was due to the direct action of hypoxia on the spinal cardiovascular centers. However, since the afferent input to the cord was intact in these studies, the possibility remained that the pressor responses were initiated by some peripheral mechanism.
Alexander (Z), using multiunit recordings of the inferior cardiac nerve as an index of sympathetic activity, found that the discharge rate was increased by asphyxia but was decreased by factors which improved the supply of oxygen to the cord. Since the pressor response was generated by an isolated and deafferent segment of upper thoracic cord, Alexander concluded that changes in oxygen tension did act directly on the spinal cardiovascular centers to alter their activity.
The presence of spontaneous qctivity in sympathetic preganglionic neurons was first demonstrated by Adrian et al. (I) and since has been confirmed by a number of investigators (4, 16, 21). P 1 o osa (Zl), who recorded from sympathetic preganglionic neurons in the upper thoracic cord of intact animals, found the mean discharge rate to be 1.4 spikes/set (range 0.1-5.6). This is consistent with the data presented in this report of lumbar fiber discharge rate in spinal animals.
In 1945, Groat and Peele (11) pointed out that an increase in subarachnoid pressure on the thoracolumbar cord in a spinal preparation elicited a pressor response which they felt was secondary to local anemia of the cord induced by compression.
In some of their blood pressure records, they noticed the presence of slow oscillations which resembled Mayer waves and postulated that if these waves represent a rhythmic alteration in tone of a vasomotor center, then that center resides in the spinal cord.
More recently, Meyer and Winter (X9), while recording sympathetic preganglionic outflow from the lumbar region in spinalized animals, have shown that an acute elevation in spinal subarachnoid pressure will cause an increase in sympathetic discharge and a subsequent pressor response which, in one record, was followed by oscillation of both blood pressure and neural activity+ They attributed this response to ischemia and the direct mechanical effects of pressure acting on spinal neurons. This study provides further evidence for regulation of systemic circulation at cord levels and extends previous observations on third-order blood pressure changes (2, 8, 11). Since the Mayer waves were induced in spinalized, vagotomized animals, the influence of supraspinal centers was eliminated.
In the absence of this influence the possible
